ABSTRACT
Patients with suspected stroke present to primary care, ambulance services and emergency departments. The care setting, patient characteristics or diagnostic methods used can all influence an assessment of suspected stroke. The proportion of people identified with suspected stroke is important, as the diagnostic performance of clinical, radiological and other tests depends on the pre-test probability of stroke. R1 We therefore aimed to determine the proportion of suspected stroke patients who had a stroke, those study features that had an important influence on this proportion, and the most common differential diagnoses of patients with suspected stroke who had not had one.
MeTHodS
Using a detailed and specific list of criteria (available online), we searched our files and the biomedical database Ovid Medline for records up to 30 May 2012 for prospective studies of suspected stroke patients. We did not routinely contact study authors, search the 'grey' literature, or include studies in non-European languages due to limited resources. We included published studies that: (i) recruited patients with suspected stroke only, (ii) were prospective, and (iii) reported the proportion of patients with a final diagnosis of stroke or transient ischaemic attack (TIA). Our reference standard for the diagnosis of stroke, was 'clinical assessment by a trained observer and brain imaging. ' We extracted data on country, diagnostic methods, patient demographics, average stroke severity and final diagnosis. We recorded whether stroke was suspected by a primary care doctor, an ambulance paramedic, or a member of emergency department staff in order to characterise the referral source. We recorded the number of patients who received a final diagnosis of ischaemic stroke, TIA, haemorrhagic stroke and all stroke. We included patients with subarachnoid haemorrhage in our definition of 'haemorrhagic stroke', though they were rare. Finally, we extracted all available data on final diagnoses other than stroke. We defined non-stroke diagnoses as: 'syncope' (syncope, presyncope, cardiovascular collapse, postural hypotension and dehydration); 'vertigo' (labyrinthine disorders and vestibulopathies); 'myelopathies' (spinal stenosis, cervical myelopathy, demyelination, spinal trauma); 'drugs and alcohol'; 'metabolic' (toxic/metabolic, encephalopathy, hypoglycaemia, hyponatraemia and metabolic coma); 'functional disorders' (anxiety, hyperventilation and depression); 'benign headache disorders' (migraine and tension headache) and 'sepsis' (including delirium). If any of the above data were not available from the study report, they were classed as not reported.
We performed a random effects meta-analysis of the proportion of patients with stroke or TIA seen in each healthcare setting. We used the I 2 statistic to estimate the heterogeneity of individual studies contributing to the pooled estimate. The I 2 statistic ranges from 0% to 100%, with 25% corresponding to low statistical heterogeneity, 50% to moderate and 75% to high. We calculated the pooled proportion as the back transform of the weighted mean of the transformed proportions, using DerSimonianLaird weights in a random effects model, and reported 95% confidence interval (CI). We used data analysis and statistical software for the analysis.
ReSUlTS
Our search strategy retrieved 3,075 papers. We identified 25 relevant studies (listed in the reference section) of 29 cohorts with a total of 8,839 suspected stroke patients. Emergency department staff suspected stroke in 13 cohorts, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] primary care physicians in four, 2,4,7,14 stroke units/TIA clinics in four, [15] [16] [17] [18] paramedics in three 4, [19] [20] and other settings in five. [21] [22] [23] [24] [25] Sixteen studies were conducted in European countries, five in the USA, two in Canada and one each in Malawi and Australia. Of the 5,977 patients diagnosed with stroke, 4,666 (78.1%) had an ischaemic stroke, 668 (11.2%) had a haemorrhagic stroke, and for the remaining 643 (10.8%) no stroke type was specified.
The pooled proportion of suspected stroke patients with stroke was 74% (95% CI: 66 to 83%) with high between-study heterogeneity (I 2 =99%) in the summary estimate. There was no good statistical evidence that the source of referral made a difference to the proportion of suspected stroke patients with an eventual diagnosis of stroke or TIA ( Figure 1 ). There was significant heterogeneity in the estimates of the proportions of patients with suspected stroke in each setting, though the proportion of patients with stroke in a stroke unit was higher than in other settings.
Seventeen of the 25 relevant studies investigated aspects of the diagnosis of stroke; 1,2,4-15,18-20 five intended to determine the epidemiology of stroke mimics 3, 16, 22, 24, 25 (including two looking at the differential diagnosis of stroke). 3, 24 The remaining three investigated thrombolysis rates, 17 time to admission 21 and an uncommon presentation of stroke. 23 Twenty of the 25 studies reported the differential diagnoses of stroke. [2] [3] [4] [5] [6] [7] [9] [10] [11] [12] [14] [15] [16] [17] [18] [20] [21] [22] 24, 25 The 20 most common are given in Table 1 ; they account for the final diagnoses of 96% of patients with suspected stroke who did not have either stroke or TIA.
All of the relevant studies that we reviewed used imaging to confirm stroke. In the 12 studies 2, 3, 9, 10, [12] [13] [14] [15] 17, 18, 24, 25 that reported the proportion of patients with suspected stroke using imaging there was variation in the number of patients who had undergone a computed tomography (CT) scan (from 29. figuRe 1 The proportion of suspected stroke patients with an eventual diagnosis of stroke or transient ischaemic attack (TIA), from ambulance, primary care, emergency department and other referral sources. The size of each square is proportional to the weight given to the study in the summary estimates, and the I2 statistic is given as an estimate of heterogeneity in the summary estimates.
than six hours in seven studies, 6, [9] [10] [11] [17] [18] [19] six to 24 hours in five 1, 2, 13, 20, 21 and over 24 hours in one. 14 Seventeen studies reported the average (mean or median) age of study participants: less than 65-years-old in two studies and 65 or over in 15 studies.
The country in which the study took place, the proportion of patients who had MR scans, or the timing of the assessment did not account for the significant between-study heterogeneity in the proportion of the suspected stroke patients with a diagnosis of stroke. Although the proportion of patients with stroke differed between studies where the mean age of patients was under or over 65 this result was heavily influenced by one study with an unusually low proportion of patients with stroke.
diSCUSSion
We found that about three-quarters of patients with suspected stroke had a final diagnosis of stroke, though there was considerable variation between studies that was not explained either by aspects of the study design (country, referral source) or the average characteristics of the patients (age, severity, or delay to assessment). The common differential diagnoses of stroke included neurological and non-neurological disorders.
We found only limited data on time to patient assessment, mean patient age, use of CT or MRI scans, stroke severity, and history of prior stroke; if we had complete data, our conclusions may have changed.
The presence or absence of particular clinical symptoms and signs are helpful in distinguishing stroke from a mimic. A recent systematic review R2 found that patients with one or more of acute facial paralysis, arm drift or speech change increased the odds of stroke (odds ratio [OR] 5.5, 95% CI: 3.3-9.1). The absence of all three of these signs can be helpful in identifying patients who are unlikely to have had a stroke (OR of stroke 0.39, 95% CI: 0.25-0.61). These findings form the basis for the 'face, arm, speech time (FAST) test,' a rapid, simple clinical evaluation which can be applied by both medical professionals and members of the public to patients with suspected stroke.
We were unable to identify a search strategy with a high sensitivity for retrieving studies of differential diagnosis, we therefore may not have found all relevant published studies. The development of such a strategy would improve the quality of systematic reviews of the differential diagnoses of other diseases in future.
ConClUSionS
The best available estimate for the prior probability of stroke in patients with suspected stroke is 74% (95% CI: 66 to 83%). A significant minority of patients seen by stroke services have not had a stroke, and arrangements need to be in place for their rapid review by those with an expertise in neurological disorders.
inviTATion To SUBMiT pApeRS
We would like to extend an invitation to all readers of The Journal of the Royal College of Physicians of Edinburgh to contribute original material, especially to the clinical section. The JRCPE is a peer-reviewed journal with a circulation of 8,000. It is also available open access online. Its aim is to publish a range of clinical, educational and historical material of cross-specialty interest to the College's international membership.
The JRCPE is currently indexed in Medline, Embase, Google Scholar and the Directory of Open Access Journals. The editorial team is keen to continue to improve both the quality of content and its relevance to clinical practice for Fellows and Members. All papers are subject to peer review and our turnaround time for a decision averages only eight weeks.
We would be pleased to consider submissions based on original clinical research, including pilot studies. The JRCPE is a particularly good forum for research performed by junior doctors under consultant supervision. We would also consider clinical audits where the 'loop has been closed' and a demonstrable clinical benefit has resulted.
For further information about submissions, please visit: http://www.rcpe.ac.uk/journal/contributers.php or e-mail editorial@rcpe.ac.uk. Thank you for your interest in the College's journal.
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